INTRODUCTION
============

In recent decades, many advances have been made in the treatment of locally advanced rectal cancer (LARC), including multidisciplinary approaches involving surgery, radiotherapy, chemotherapy, and biologic agents. In particular, the combination of neoadjuvant chemoradiation therapy (CRT) and subsequent surgery improves the likelihood of sphincter preservation, decreases the locoregional recurrence rate, and improves the long-term survival rate \[[@B1][@B2]\].

Cancer patients frequently develop malnutrition, a significant risk factor with regard to treatment-related morbidity and mortality, as well as treatment failure \[[@B3][@B4][@B5][@B6][@B7]\]. Accordingly, attempts to accurately evaluate and vigorously enhance the nutritional statuses of malnourished patients are ongoing \[[@B4][@B7][@B8][@B9]\]. In particular, patients with LARC tend to have a worse nutritional status consequent to a longer duration of illness and obstructive symptoms. Furthermore, during neoadjuvant CRT, patients may develop aggravated malnutrition subsequent to high-grade gastrointestinal (GI) toxicities induced by CRT. In this context, nutritional status evaluations to detect malnourished patients might be an important step toward improving patient outcomes, and such monitoring should be performed on a serial follow-up basis.

The prognostic nutritional index (PNI), which is based on the peripheral blood serum albumin level and total lymphocyte count, was first suggested as an indicator of the immunonutritional statuses of surgical patients \[[@B10]\]. Notably, this index was found to correlate with postoperative morbidity and mortality. The efficiency, simplicity, and convenience of the PNI have led to its wide use as a tool for assessing the preoperative conditions and predicting the surgical risks of patients with GI malignancies. Recent investigations have also revealed that the PNI reflects the immune statuses of cancer patients and can serve as an independent prognostic factor for patients with various cancers \[[@B11][@B12][@B13]\].

Recent studies have shown that the preoperative PNI is a useful predictor of postoperative complications and survival in patients with colorectal cancer \[[@B14][@B15][@B16][@B17]\]. However, previous studies have addressed neither the efficiency of the PNI as a prognostic marker for patients with LARC nor changes in the immunonutritional statuses of patients during neoadjuvant CRT. Therefore, this study aimed to determine the relationship between the immunonutritional status and prognoses in patients with LARC who were treated with neoadjuvant CRT followed by surgery, with a particular focus on changes in the immunonutritional status after preoperative chemoradiation (pCRT) and the impact of this parameter on oncologic outcomes.

METHODS
=======

Patients
--------

A total of 341 patients with LARC who underwent preoperative CRT and subsequent surgery between January 2005 and December 2010 were identified from the Colorectal Cancer Registry of our institution, a prospective database. We retrospectively reviewed these patients\' medical records and excluded patients whose cases did not meet the following eligibility criteria: (1) adenocarcinoma arising from the rectum, (2) completion of preoperative CRT followed by surgery with curative intent, (3) American Joint Committee on Cancer (AJCC) stage 0 (complete pathologic response) to stage III, and (4) available follow-up data. The following additional exclusion criteria were applied: (1) distant metastasis or surgery with palliative aim, (2) any palliative surgery (e.g., ileostomy) because of obstruction before preoperative CRT, and (3) missing clinical data because neoadjuvant CRT was administered at other institutions or unclear laboratory results were recorded in the database. After these criteria had been applied, 80 of the initial 341 patients were excluded ([Fig. 1](#F1){ref-type="fig"}). This study was approved by the Institutional Review Board and informed consent was waived.

Clinicopathologic characteristics
---------------------------------

Patients\' clinicopathologic characteristics were collected retrospectively from medical records and evaluated as prognostic factors. Collected characteristics included age, sex, preoperative body mass index (BMI), histopathological tumor characteristics (differentiation), distance from anal verge, TNM stage, comorbidity, postoperative complications, operation time, and use of adjuvant therapy. The 7th AJCC staging system was used to determine the TNM stages of the colorectal cancers.

Postoperative complications were defined according to the Clavien-Dindo classification \[[@B18]\]. Comorbidity was classified according to the American Society of Anesthesiologists physical status classification system. Additionally, the following laboratory data were collected from peripheral blood analyses: carcinoembryonic antigen (CEA) and albumin levels, lymphocyte percentage, and lymphocyte count. The PNI was subsequently calculated using the following formula: 10 × serum albumin (g/dL) + 0.005 × total lymphocyte count (per mm^3^) \[[@B19]\]. The PNI values were determined at 2 points: before preoperative CRT (pre-CRT PNI), and 4 weeks after the completion of preoperative CRT but before surgery (post-CRT PNI). The PNI difference (dPNI) was calculated using the following formula: pre-CRT PNI -- post-CRT PNI.

Preoperative chemoradiation and surgery
---------------------------------------

Indications for preoperative CRT included T3 or T4 disease or a positive lymph node status based on clinical and radiologic examinations. Preoperative CRT comprised 5-fluorouracil (5-FU)-based chemotherapy and pelvic irradiation (45--50 Gy in 25 fractions over 5 weeks). Chemotherapy was administered as either a continuous intravenous infusion of 5-FU and leucovorin or oral capecitabine. Curative resection comprising total or partial mesorectal excision according to the tumor level was performed 6--8 weeks after the completion of pCRT. Decisions regarding the performance of a diverting loop ileostomy were made by the operating surgeon in consideration of the patient\'s risk factors. Adjuvant chemotherapy was recommended for all patients within 4--6 weeks after surgery. A pathologic examination, tumor regression grade (TRG) and standardized pathologic examination report were completed for every case. The standard form required mandatory reporting of tumor differentiation, depth of tumor penetration, lymph node metastasis, circumferential resection margin (CRM), lymphovascular invasion, and TRG, as suggested by Mandard et al. \[[@B20]\]. CRM involvement was defined as the presence of tumor cells from the outermost margin of the lesion to the proper mesorectal fascia or as a maximum distance of \<1 mm between the tumor and proper rectal fascia.

Follow-up policy
----------------

Patients underwent routine check-ups every 3 months for up to 2 years and then every 6 months for up to 3 additional years (i.e., 5th postoperative year). A physical examination and laboratory testing, including serum CEA levels, were performed at each visit. Imaging screens, including an abdominopelvic computed tomography (CT) scan, were performed every 6 months; chest CT was performed annually. Nonroutine magnetic resonance imaging and positron emission tomography-CT were performed at the clinician\'s discretion. Endoscopic examinations were performed within the first postoperative year and then every 3--4 years according to the findings.

Statistical analysis
--------------------

Categorical data are presented as frequencies or percentages. Continuous data are presented as means with standard deviations or medians with ranges. Intergroup differences were analyzed using the chi-square test, Student t-test, and Mann-Whitney U-test. The Kaplan-Meier method was used to analyze survival, and the resulting curves were compared using the log-rank test. Cox proportional hazard model was used for the univariate and the multivariate analyses of the prognostic factors. All variables that were significant in the univariate analysis were included in the multivariate analysis. A P-value \< 0.05 was considered significant, and confidence intervals (CIs) were calculated at the 95th percentile level. IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) was used for the statistical analysis.

RESULTS
=======

Grouping of patients according to PNI differences
-------------------------------------------------

A total of 261 consecutive patients were enrolled in this study. Patients were divided into the following 3 groups according to dPNI values (defined above): dPNI-low, dPNI \< 5; dPNI-moderate, dPNI of 5--10; and dPNI-high, dPNI \> 10 ([Fig. 2](#F2){ref-type="fig"}).

Clinicopathologic characteristics and short-term outcomes
---------------------------------------------------------

The clinicopathologic characteristics and short-term outcomes of the three groups were evaluated ([Table 1](#T1){ref-type="table"}). The median follow-up duration was 48 months (range, 1--91 months). Approximately 88% of the patients received adjuvant chemotherapy. Except for preoperative BMI, no statistically significant intergroup differences were observed in terms of patient characteristics or tumor and operative parameters. Additionally, no significant differences were observed in short-term operative outcomes, including the incidence of high-grade (Clavien-Dindo grade III--IV) perioperative complications and 30-day mortality rate. The proportion of low rectal cancers (tumor location within 5 cm from the anal verge) tended to be higher in the dPNI-high group, but this difference was not statistically significant.

Long-term oncologic outcomes
----------------------------

Kaplan-Meier survival curves demonstrated that both the disease-free survival (DFS) and the cancer-specific survival (CSS) outcomes were worse in the dPNI-high group relative to the other groups (DFS: P \< 0.001, [Fig. 1](#F1){ref-type="fig"}; CSS: P = 0.02, [Figs. 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}). The univariate and the multivariate analyses of the DFS demonstrated that the ypT stage, ypN stage, and dPNI were independent predictors for DFS ([Table 2](#T2){ref-type="table"}). Furthermore, histology, ypT stage, and dPNI were identified as significant prognostic factors for CSS ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Since its initial introduction by Onodera et al. in 1986 \[[@B19]\], the PNI has been identified as an independent prognostic factor in various types of cancer \[[@B11][@B12][@B13][@B14][@B15][@B16][@B17][@B19]\]. Furthermore, in recent studies of patients with colorectal cancer, the PNI was found to be associated not only with surgical morbidity, but also with long-term oncologic outcomes \[[@B14][@B15][@B16]\]. To the best of our knowledge, however, no studies have evaluated the prognostic significance of the PNI in patients with LARC. Furthermore, this study is the first to introduce the dPNI, a parameter that demonstrates the significance of a serial change of the PNI rather than of a single value measured at a specific time point.

More than half of the enrolled patients were classified into the dPNI-low group, and the PNI values of approximately a third of the patients in this group actually increased during the study. However, long-term oncologic outcomes did not significantly differ between patients in this group with an increased PNI and those with a decreased PNI (data not shown). Accordingly, we categorized both types of patients into a single dPNI-low category.

In our study, the dPNI was clearly associated with long-term oncologic outcomes (DFS, CSS). To date, however, no clear explanation has been given for the correlation between the PNI and prognostic significance. Malnutrition is a known risk factor for postoperative complications in surgical patients \[[@B4][@B6][@B7]\]. Some studies of patients with colorectal cancer have shown that malnutrition is associated with a significant risk of wound complications and anastomosis site leakage \[[@B3][@B5]\]. Poor short-term postoperative outcomes might lead to inferior long-term oncologic outcomes \[[@B21]\]. However, the postoperative complication rates, including the overall and the high-grade complication rates, did not differ significantly among the 3 groups in our study.

Previous studies have shown a close correlation of inflammation with cancer progression \[[@B8]\]. In colorectal cancer, inflammatory markers such as the C-reactive protein level, neutrophil-to-lymphocyte ratio (NLR), Glasgow prognostic score (GPS), and modified GPS (mGPS) have been reported as prognostic markers \[[@B22][@B23][@B24]\]. Notably, the serum albumin concentration reflects not only a patient\'s nutritional status, but also chronic inflammation. In addition, the serum lymphocyte count has been identified as an objective parameter of inflammation. Although the PNI was first introduced to reflect the nutritional status of a cancer patient, the prognostic significance of this index can be attributed to its connection with the systemic inflammatory response.

Based on the findings of our study, patients\' long-term outcomes might be enhanced by correcting their immunonutritional status during pCRT. Efforts to improve the outcomes of malnourished cancer patients by providing perioperative immunonutritional support are ongoing \[[@B8]\]. However, previous studies have included some limitations. Most studies included inhomogeneous patients with GI cancers of different origins; thus, the results were somewhat difficult to interpret \[[@B4][@B7][@B8]\]. Optimal timing of the immunonutritional intervention may be important. Generally, preoperative immunonutritional intervention is thought to be beneficial for patients undergoing GI surgery \[[@B25]\]. However, no available studies have discussed when to initiate and for how long to maintain an immunonutritional intervention for patients receiving pCRT for the treatment of rectal cancer. In the current study, we did not observe a significant intergroup difference with regard to tumor responses after pCRT or postoperative complications. Accordingly, such patients might not require immunonutritional intervention before pCRT initiation. The results of our study will lead to the design of a further prospective study. An enteral immunonutritional formula or parental nutritional formula could be provided upon admission to every patient undergoing pCRT, and the PNI or other scales, such as NRS-2002, could be used to assess improvements in the immunonutritional status. Validation of this enhancement of long-term oncologic outcomes in a prospective study could lead to new treatment options, of which preoperative immunonutritional support would be the treatment of choice.

The retrospective and single-center design of this study has some potential drawbacks. A risk exists for potential bias in patient selection and potential flaws in the accuracy of the documented medical records. Furthermore, potential confounding factors, such as albumin replacement therapy or infection, which could affect the serum albumin level and lymphocyte count, were not assessed. An additional weakness of this study is the small number of cases.

In patients with LARC, the dPNI during preoperative concurrent CRT is predictive of long-term outcomes. Our data suggest that correcting the patient\'s immunonutritional status during concurrent CRT could enhance oncologic outcomes. Such results warrant further investigation in the form of a prospective study.
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###### Patient and tumor characteristics and short-term outcomes (n = 261)
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Values are presented as median (range), mean ± standard deviaion, or number (%).

dPNI, prognostic nutritional index difference; CRT, chemoradiation therapy; BMI, body mass index; CEA, carcinoembryonic antigen; AV, anal verge; ASA, American Society of Anesthesiologists; MIS, minimal invasive surgery (laparoscopic or robotic); NS, not significant.

dPNI was calculated as follows: pre-CRT PNI -- post-CRT PNI.

###### Univariate and multivariate analyses of predictive factors for disease-free survival
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HR, hazard ratio; CI, confidence interval; BMI, body mass index; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; PNI, prognostic nutritional index; Dindo, Clavien-Dindo classification grade; ASA, American Society of Anesthesiologists; AV, anal verge; LOW, low rectal cancer, AV \< 5 cm; MID/UPPER, middle/upper rectal cancer, AV ≥ 5 cm; CEA, carcinoembryonic antigen.

###### Univariate and multivariate analyses of prognostic factors for cancer-specific survival
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HR, hazard ratio; CI, confidence interval; BMI, body mass index; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; PNI, prognostic nutritional index; Dindo, Clavien-Dindo classification grade; ASA, American Society of Anesthesiologists; AV, anal verge; LOW, low rectal cancer, AV \< 5 cm; MID/UPPER, middle/upper rectal cancer, AV ≥ 5 cm; CEA, carcinoembryonic antigen.
